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SUMMARY 

A simple, rapid, quantitative method is used for the determination of fission gases 
trapped in the cladding and matrix and in the fuel of irradiated molybdenum - uranium 
dioxide (Mo-U02) and tungsten - uranium dioxide (W-U02) fuel cermets, The method 
involves dzferential dissolution of the Mo or  W and the U02. 

The gaseous activity is removed from the dissolution flask by flowing helium gas 
and is collected in special collection counting vials. The total gaseous activity is deter- 
mined from the gas collection counting vials. 

The technique requires only simple equipment. High vacuum systems and sophisti - 
cated methods of gas handling are not required. The method using the same basic equip- 
ment is adaptable for hot laboratory remote in-cell use. The explosion hazard resulting 
from electrolytic production of hydrogen and oxygen is eliminated. 

specimen. 

(standard deviation) at 10 disintegrations per minute. Recovery of activity from elec- 
trolytic or acid dissolution is greater than 99 percent, 

The dissolution and gas trapping procedure requires from 1 to 2 hours for a 10-gram 

The accuracy of the method for determining krypton-85 (Kr 85 ) is k2.5 percent 
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INTROD UCTlON 

One objective of radiation damage studies on refractory-metal - uranium oxide 
cermets is to determine the ability of the fuel particles, the matrix, and the cladding 
to retain fission gases. Analyses of the irradiated fuel and refractory metal matrix and 
cladding for fission gas content are necessary in this evaluation. 

cladding and matrix and acid dissolution of the fuel. A complex gas-trapping system 
utilizes a high-vacuum cold-trap pumping arrangement to transport the gases from the 

A method used at Los Alamos (ref. 1) utilizes electrolytic dissolution of molybdenum 



reaction flask to the gas collection can. An inherent hazard exists due to the presence 
of hydrogen and oxygen gases from electrolysis of the solution. 

The method described in this report combines the differential dissolution technique 
with trapping of released fission gases on activated charcoal at liquid-nitrogen tempera- 
ture. The hazard due to accumulation of hydrogen and oxygen generated from electro- 
lysis of the solution is eliminated. The equipment and the procedure used for determin- 
ing the gaseous activity by gamma counting are also described, and an evaluation of the 
method is presented. 

EXPERIMENTAL DETAl LS 

Equipment 

The equipment setup shown in figure 1 consists of a 2-liter ( z ? X ~ O - ~  cu m) vacuum 
flask, two drying tubes filled with silica gel, a manifold system containing a water trap 

5 2 maintained at liquid-nitrogen temperature, a 0 to 25 psia (0 to 1.72XlO N/m abs) pres- 
sure transducer, and two gas-collection countjng vials filled with activated charcoal and 
maintained at liquid-nitrogen temperature. 

The 2-liter ( z ! X ~ O - ~  cu m) dissolution flask is a heavy-walled vacuum flask. The 
flask was hand blown with a round bottom to fit a heating mantle more easily. The flask 

5 2 was then pressure checked to 75 psig (5.16X10 N/m gage) before use. 

Helium i n  (10 psig or 
6.89~104 Nlm2 gage) 

Dissolution flask 

Heating mantle-’ Fuel specimen liquid nitrogen 
10 Normal sodium hydroxide solution 

Figure L - Fission gas collection system. 
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The stopper used in the flask is specially fabricated of 6061-T6 aluminum. It is 
tapered to f i t  the inside neck of the flask. A rubber O-ring is inserted in a groove 
machined around the stopper. The stopper contains two electrodes which are insulated 
from each other and from the stopper by special fitted polytetrafluoroethylene (PTFE) 
plastic inserts. These inserts are placed into drilled and tapped holes in the stopper. 
The electrode -insert assembly is made leaktight by compression-type fittings which are 
drawn down onto the PTFE plastic insert; The electrode which holds the specimen is 
304 stainless-steel welding rod with an alligator clip attached. The other electrode is a 
piece of 304 stainless-steel tubing into which a piece of platinum wire is silver soldered. 
Above this solder joint, several small holes are drilled into the electrode tube. This 
electrode serves a dual purpose since the helium sweep gas enters the system through it. 

The complete stopper assembly is held in place by a double collar arrangement; one 
around the neck of the flask, the other on top of the stopper assembly. Two socket head 
bolts running through both collars are used to achieve a pressure- and vacuum-tight 
seal. 

A modified stopper is used for the acid dissolution. It has two openings that provide 
for the helium gas inlet tube and the delivery tube of a separatory funnel that is in- 
serted into a PTFE plastic sleeve which fits into the opening. A special top collar draws 
down on this insert to make the system leaktight. 

Two drying tubes are attached in series to the side a rm of the dissolution flask to 
collect moisture swept from the flask. The drying tubes are necessary to prevent the 
gas-collection vials from freezing. The drying tubes are followed by a stainless-steel 
water trap which is immersed in liquid nitrogen during dissolution. Two charcoal-filled 
gas-collection counting vials a re  connected in series. The entire system is swept with 
helium gas for 5 minutes before immersion in liquid nitrogen. The flow rate from the 
system is checked using a soap bubble flowmeter. A flow rate of 300 to 500 milliliters 
per minute ( ~ x I O - ~  to 8 . 3 ~ 1 0 ~ ~  cu m/sec) is maintained. The inlet pressure is 5 to 

4 4 2 10 psig (3.45XlO to 6.89X10 N/m gage) of helium. 
The gas-collection vials (fig. 2) are fabricated of 304 stainless steel and are of 

welded construction. The bottoms of the vials are 16-gage 304 stainless-steel plate. 
Each vial has two tubes; one for the gas inlet, the other for the gas outlet. The inner 
height of the chamber is 1 inch (2. 54 cm). The interior of the vial is filled with char- 
coal. The pathway from the inlet tube to the outlet tube is made longer by five baffle 
plates: three welded to the bottom piece, two to the top. Each vial is pressure checked 
to 200 psig (1.38XlO N/m gage) and vacuum checked. 6 2 
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(2.54 cm) 

Figure 2 - Gas-collection counting vial. Bottom 
plate: 16-gage, 304 stainless steel; vial body: 
schedule 40 pipe. 

Gaseous Activity Determination 

The 
for Kr8 
coal was 

counting geometry factors for the gas -collection counting vials were determined 
in the following way: A gas-collection counting vial which did not contain char- 
filled with a solution of gold-198 (Aulg8) of known activity (This isotope was 

chosen since the y energy 0.41 MeV is close to the 0.51 MeV y of Kr ). The vial 
was then gamma-counted at various distances above a 3 - by 3-inch (7.62- by 7.62-cm) 
Na(T1)I crystal. The crystal was coupled to a 512-channel gamma-ray spectrometer. 
From the disintegration rate known to be in the vial and the count rate obtained, factors 
for the various distances were obtained to convert counts to disintegrations. The fac- 
tors  for the vial (from Aulg8) were then corrected to give ,the Kr85 disintegration rate 
by multiplying the disintegration rate of Aulg8 by the ratio of Kr85/Au198 known 
geometry factors. 

The accuracy and efficiency of gaseous activity recovery were checked for the 
electrolytic and acid dissolution methods. A gas -collection counting vial containing 
Kr fission gas was counted and the total disintegrations per minute determined. This 
vial was then connected to the negative electrode tube and the fission gas was swept by 
helium purge into the reaction vessel during dissolution of dummy specimens. The 
fission gas was recovered by counting the two gas-collection counting vials when dis- 
solution was complete. The first vial in the series always contained 99' percent of 
the fission gas used. The second vial showed less than 1 percent of the original gaseous 
activity. 

85 

85 
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The same techniques could be applied to determine counting factors and recovery 
efficiencies for other radioactive gaseous fission products, such as xenon-133 (Xe133) 
and xenon-135 (Xe135). Factors for these isotopes were not necessary in this work 
since several months elapsed from the end of irradiation to sample processing. 

P r ocedu re 

An alligator clip attached to the positive electrode of the dissolving flask holds a 
piece of the Mo-U02 or W-U02 cermet, as shown in figure 1. The negative electrode 
also serves as the helium gas inlet to the sample container. Approximately 60 milliliters 
(6XlOW5 cu m) of 10 normal NaOH per 10 grams of sample are placed in the dissolving 
flask. The two gas-collection vials are placed in series and evacuated. The entire 
system is checked for leaks under vacuum and again when pressurized with helium. A 

5 2 0 to 25 psia (0 to 1.72X10 N/m abs) transducer is used to monitor pressures. The 
entire system is swept with helium for 5 minutes before use. 

Liquid nitrogen is placed in the Dewars to cool the water trap and gas-collection 
vials. The water trap is preceded by two drying tubes; one packed with glass wool and 
silica gel, and the other charged with moisture-indicating silica gel. The traps im- 
mersed in liquid nitrogen are allowed to cool for 15 minutes before using. 

The power leads are then attached to the electrodes and a direct current of 5 to 7 
amperes is applied at 10 to 15 volts. Helium sweeps through the system at a rate of 
approximately 300 to 500 milliliters per minute ( ~ x I O - ~  to 8 . 3 ~ 1 0 - ~  cu m/sec). The 
Mo or W dissolves and the U 0 2  drops to the bottom of the flask. The hydrogen and 
oxygen produced from electrolysis of the solution are diluted by the helium gas and are 
swept from the system. Complete dissolution of the cladding and matrix on a 10-gram 
(lx10-2-kg) specimen requires 1 to 2 hours. The dissolution is started with only about 
half the specimen immersed. As required, the specimen is moved into the solution by 
gently pushing the electrode down. The entire specimen is dissolved by finally immers- 
ing the tip of the alligator clip holding the specimen. 

After dissolution is completed, the helium sweeping is continued for another 15 min- 
utes. During the electrolysis, enough heat is generated so that heating the solution is 
not necessary. 

The gas collection counting vials are removed from the liquid nitrogen and allowed 
to warm to room temperature. Then the vials are gamma counted for Kr 

The solution remaining in the flask is decanted carefully so that the U 0 2  is left in 
the flask. Again the flask is placed in the heating mantle. The system is leak checked 
and two new gas collection vials are placed in the Dewars. A vacuum is drawn on the 

85 . 
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vials. The liquid nitrogen is added to the Dewars. The gas-collection vials are cooled 
in liquid nitrogen for 15 minutes before use. 

The system is purged with helium at 300 to 500 milliliters per minute ( 5 ~ 1 0 - ~  to 
8 . 3 ~ 1 0 - ~  cu m/sec). Then a slight vacuum is pulled on the system. Sixty milliliters 
(6x10-5 cu m) of 50 volume percent nitric acid+ 50 volume percent hydrochloric acid is 
placed in a separatory funnel above the flask and added slowly to the flask (the modified 
stopper for the flask is required for this phase). Heat is applied to the flask from the 
heating mantle. The dissolution of the U 0 2  takes approximately 1 hour. After the dis- 
solution is completed, the helium purge is continued for an additional 15 minutes. The 
gas-collection vials are removed and allowed to warm to room temperature. They are 
gamma counted for Kr85. The resulting fuel solutions can be analyzed for cesium-137 
( C S ~ ~ ~ ) ,  strontium-90 (Sr ), and uranium, using ASTM methods or standard radio- 
chemical procedures. 

90 

Evaluation of Experimental Results 

The accuracy of the method for determining Kr85 activity including the counting 
error  is f2.5 percent (standard deviation) at 10 disintegrations per minute. The range 
of Kr85 activity which can be handled with the counting system described, and at the 

5 9 same accuracy, is 5 microcuries to 100 millicuries (1.9XlO to 3.7X10 dis/sec). 
The Kr85 gas activity data are used with the uranium burnup information to deter- 

mine the relative effectiveness of the cermet cladding for fission gas retention. Based 
on the fuel burnup data of the specimens analyzed, the amount of Kr85 produced during 
irradiation can be calculated. A material balance on Kr85 is made by combining the 
activities found in the fuel and the activity in the cladding and matrix with the activity 
found outside the fuel  form. (The Kr85 activity outside the fuel form is determined in a 
separate remote in -cell puncturing operation on the experiment containment vessel. ) 
Material balances obtained have been reasonable. Similar operations are reported in 
reference 2. However, only portions of the fuel form, and not the entire fuel form, have 
been analyzed with this method. Therefore, it is not possible to assign an overall 
accuracy to the method. 
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